Abstract-A critical question for Social Security policy is how program incentives affect retirement behavior. We use the Health and Retirement Survey (HRS) to examine the impact of Social Security incentives on male retirement. We implement forward-looking models whereby individuals consider the incentives to work in all future years. We find that forwardlooking incentive measures for Social Security are significant determinants of retirement. We also find that private pension incentives have roughly similar effects. Our findings suggest that Social Security policies that increase the incentives to work at older ages can significantly reduce the labor force exit rate of older workers.
I. Introduction
O NE of the most striking labor force phenomena of the second half of the twentieth century has been the rapid decline in the labor force participation rate of older men. In 1950, for example, 81% of 62-year-old men were in the labor force; by 1995, this figure had fallen to 51%, though it has rebounded slightly in the past few years (Quinn, 1999) .
Much has been written about the proximate causes of this important trend among older men, and in particular about the role of the Social Security program. A large number of articles have documented pronounced "spikes" in retirement at ages 62 and 65, which correspond to the early eligibility age and full benefit age for Social Security. The presence of these strong patterns in retirement data suggest that the underlying structure of Social Security plays a critical role in determining retirement decisions. But the impact of changes in Social Security generosity on retirement decisions is less obvious. A large literature dating from the mid-1970s has investigated this relationship, and the broad conclusion of that literature is that the level of Social Security benefits has a significant, but modest, effect on retirement dates.
The purpose of our paper is to revisit the impact of Social Security on retirement, using the best available recent data on retirement behavior, the Health and Retirement Study (HRS). This is a comprehensive data set from the 1990s that contains information on demographic and job characteristics, labor force attachment, earnings histories, and the features of private pension plans for a large sample of individuals near retirement age.
We use these data to revisit the important observation of Stock and Wise (1990a, 1990b ) that it is not simply the level of retirement wealth or the increment with one additional year of work that matters, but the entire evolution of future wealth with further work. Their "option value" (OV) model posited retirement decisions as a function of the difference between the utility of retirement at the current date and at the date that maximizes one's utility. They used data from a sample of firms with pension plans to show that the option of future benefit increments affected retirement decisions today in this framework. This finding is echoed in a reduced-form context by Samwick (1998) , who used data across many firms in the Survey of Consumer Finances.
This past work, however, was subject to three potentially important limitations. First, these papers have focused on all retirement income, including pensions, and have not isolated the impact of Social Security per se. There are a number of reasons to believe that the responsiveness of retirement to Social Security and private pension incentives may differ, and it is only the former that is relevant for Social Security policymaking. Second, retirement decisions in the option value framework are a function of both pension incentives and wages, the latter of which provides the vast majority of variation across individuals in option value. If wage differences across individuals capture partly heterogeneity in tastes for work, however, then building wage variation into the retirement incentive measure can lead to misleading estimates of the responsiveness to financial incentives. Finally, the previous data have either been specific to a handful of firms, or have not contained sufficient detail to compute correctly Social Security incentives for retirement.
Our work remedies these deficiencies by building on the strengths of this impressive new data source. We draw on the insights of Stock and Wise in developing forwardlooking measures of incentives, but we also consider in more detail the sources of variation in these incentives, by controlling in a rich way for past earnings and developing an alternative forward-looking measure that is not primarily driven by wage differences. This measure allows us to examine jointly the impact of Social Security and pensions on retirement, as well as to separate and compare the effects of these different incentives.
We have at least three major findings. First, retirement decisions respond in a significant way to both the accrual of retirement wealth with future work (negatively) and the level of retirement wealth (positively). Second, retirement decisions are much more sensitive to incentive variables defined with reference to the entire future stream of retirement incentives than to the accrual in retirement wealth over the next year alone, indicating that forward-looking measures of this type are important variables to include in retirement models. Third, retirement is roughly equally responsive to a comparable change in Social Security and pension incentives.
Our paper proceeds as follows. We begin, in part II, with background on both the relevant institutional features of the Social Security system and the previous literature in this area. We then move on, in part III, to describe our data and empirical strategy. Part IV presents our basic results, and part V concludes.
II. Background

A. Institutional Features of Social Security
The social security system is financed by a payroll tax of 7.65 percentage points levied on both workers and firms on wages up to a taxable maximum, currently $97,500. Workers are eligible for retired-worker benefits once they have accumulated forty quarters of work in covered employment. Benefits are calculated in several steps. First, the worker's average indexed monthly earnings (AIME) is calculated as their average earnings over their best 35 years, with past earnings adjusted by a national wage index. Second, the AIME is converted to the primary insurance amount (PIA) through a three-piece progressive schedule, whereby ninety cents of the first dollar of earnings is converted to benefits, while only fifteen cents of the last dollar of earnings (up to the taxable maximum) is so converted. Finally, workers receive a monthly benefit equal to the PIA if they commence benefit receipt at the full benefit age (FBA), historically 65 but legislated to slowly rise to 67. If they claim before the FBA, benefits are reduced by an actuarial reduction factor (equal to five-ninths of 1% per month for the first 36 months of delay and five-twelfths per month thereafter); thus, a worker with an FBA of 65 who claims at the early eligibility age (EEA) of age 62 receives 80% of the PIA. If workers claim after the PIA, benefits are increased by a delayed retirement credit (legislated to rise over time from 3% to 8% per year of delay).
A few other details are worthy of note. For workers claiming before the FBA, an earnings test applies; workers may earn up to a ceiling amount, currently $12,960, but benefits are reduced by $1 for each $2 of earnings above this amount (although months of lost benefits are treated as delayed receipt, entitling the worker to a delayed retirement credit when he resumes full benefit receipt). Since 2000, there has been no earnings test for workers above the FBA. Spouses of beneficiaries receive a dependent spouse benefit equal to 50% of the worker's PIA, which is available once the worker has claimed benefits and the spouse has reached age 62; however, the spouse only receives the larger of this and her own entitlement as a worker. Surviving spouses receive 100% of the PIA and may claim as early as age 60, although there is an actuarial reduction for claiming benefits before age 65 or if the worker had an actuarial reduction. Finally, benefit payments are adjusted for increases in the consumer price index (CPI) after the worker has reached age 62; thus, Social Security provides a real annuity.
B. Previous Related Literature
A number of studies have used aggregate information on the labor force behavior of workers at different ages to infer the role that is played by Social Security. Hurd (1990) and Ruhm (1995) emphasize the spike in the age pattern of retirement at age 62; as Hurd (1990) states, "There are no other institutional or economic reasons for the peak." Indeed, as Burtless and Moffitt (1984) document, this spike at age 62 only emerged after the early eligibility age for men was introduced in 1961. Using precise quarterly data, Blau (1994) finds that almost one-quarter of the men remaining in the labor force at their 65th birthday retire within the next three months; this hazard rate is over 2.5 times as large as the rate in surrounding quarters. Lumsdaine and Wise (1994) examine this "excess" retirement at 65 and conclude that it cannot be explained by the change in the actuarial adjustment at this age, nor by the incentives embedded in private pension plans or the availability of retirement health insurance through Medicare. However, this does not rule out a role for Social Security; by setting up the "focal point" of a full benefit age, the program may be the causal factor in explaining this spike.
The main body of this retirement incentives literature attempts to specifically model the role that potential Social Security benefits play in determining retirement. Broadly speaking, there are four classes of studies in this literature. The earliest work in this area, from the early 1970s through the mid-1980s, considered reduced-form models of the retirement decision as a function of Social Security wealth and pension levels. Much of this literature is reviewed in Mitchell and Fields (1982) ; more recent cites include Diamond and Hausman (1984) , and Blau (1994) . While these articles differ in the estimation strategies employed, with the more recent work using richer models such as nonlinear 2SLS or hazard modeling, the results consistently suggest a significant role for Social Security, but a role that is small relative to the time trends in retirement behavior documented in the introduction.
A key limitation of this first class of study is that it considers Social Security effects at a point in time, but not any impacts on the retirement decision arising from the time pattern of Social Security Wealth (SSW) accruals. This was remedied in three different ways by subsequent literatures. The first was to consider structural modeling of retirement decisions by workers facing a lifetime budget constraint; examples here include Burtless (1986) , Burtless and Moffitt (1984) , Gustman and Steinmeier (1985, 1986) , and Rust and Phelan (1997) . The second was to continue to estimate FUTURE SOCIAL SECURITY ENTITLEMENTS AND THE RETIREMENT DECISION 235
reduced-form models, but to incorporate the accrual of SSW with a year of additional work; examples here include Fields and Mitchell (1984) , Hausman and Wise (1985) , and Sueyoshi (1989) . Both of these types of studies continued to find an important, but modest, role for Social Security, and some (such as Fields and Mitchell) indicated a larger role for private pensions. The final strand of this literature is the option value work of Stock and Wise noted above. A final article that deserves particular mention here is that of Krueger and Pischke (1992) . They note that the key regressor in many of the articles summarized here, Social Security benefits, is a nonlinear function of past earnings, and retirement propensities are clearly correlated with past earnings levels. They solve this problem by using a unique "natural experiment" provided by the end of doubleindexing for the "notch generation" that retired in the late 1970s and early 1980s. Workers in this cohort experienced a substantial, unexpected reduction in benefits, yet the dramatic fall in labor force participation continued unabated in this era. This raises important questions about the identification of the cross-sectional literature. However, even with this natural experiment, Krueger and Pischke find significant and sizable impacts of Social Security accruals on retirement, which highlights the value of the dynamic approach and suggests that the additional nonlinearities that govern the evolution of SSW (as opposed to its level) may be a fruitful source of identification for retirement models.
All of this dynamic literature has important limitations. The first suffers from the perhaps untenable assumptions that are required to identify these very complicated structural models; see MaCurdy (1981) for a criticism of this type in the context of general labor supply models. The second suffers from the limited way in which dynamic retirement incentives are specified. Some of these problems are remedied by the option value literature. But the problem with this approach is that the nonlinearities embedded in the assumed utility function make it difficult to test whether financial incentives arising from Social Security and from private pensions have similar effects on retirement. 1 If all dollars of retirement wealth are weighted equally by potential retirees, then pension differences provide a legitimate source of identification of retirement income effects. But if they are not, either because individuals understand their firm's pension incentives better than Social Security incentives, or because the real annuity provided by Social Security is valued differently than the nominal annuity provided by most defined-benefit pensions, then it is important to separately estimate Social Security and private pension impacts.
In addition, all of these studies suffer from important data deficiencies, because the estimates are based on data from the 1970s, when the structure of the Social Security system was fairly different; data from only a handful of firms; or data without complete information on Social Security incentives. Finally, all of this literature suffer's from a lack of careful attention to the sources of identification of the retirement incentive effects that they estimate. This problem is not necessarily surmounted, and is potentially compounded, by the option value literature, which uses a measure of future incentives that is largely determined by wage differences across individuals and only secondarily influenced by the structure of retirement incentives; we discuss this issue at more length below.
III. Data and Empirical Strategy
A. Data
Our data for this analysis come from the Health and Retirement Study. The HRS began in 1992 as a survey of individuals then aged 51-61, with reinterviews of these individuals every two years; we use the first five waves of the survey, 1992 through 2000. Spouses of respondents are also interviewed, so the total age range covered by the survey is much wider.
A key feature of the HRS is that it includes Social Security earnings histories from 1951-1991 for most respondents. This feature provides two advantages for our empirical work. First, it allows us to appropriately calculate benefit entitlements, which depend on the entire history of earnings, by providing a complete and accurate earnings history; some previous studies have been seriously hampered by having to construct earnings histories based on limited self-reported job history information. 2 Second, it allows us to construct a large sample of person-year observations by using the earnings histories to compute Social Security retirement incentives and labor force participation at each age. We use all person-year observations on men ages 55-69 for our analysis, subject to the exclusions detailed below.
Our analysis examines how financial incentives from Social Security and private pensions affect retirement decisions. 3 Following the previous literature, we focus on males 1 Theoretically, it would be possible to estimate a structural option value model that allowed a dollar of retirement income from Social Security and from pensions to have a different effect on utility; we are not aware of any previous studies that have done this.
2 Only earnings since 1950 are required to compute SS benefits for persons in our sample; the benefit rules specify that a shorter averaging period (less than the standard 35 years) is used for persons born prior to 1929, who might have started working before 1951. Earnings histories for HRS respondents are not available after 1991 due to the terms of the agreement between the HRS and the Social Security Administration. Below we detail how we project earnings for 1992 and beyond in calculating retirement incentives.
3 Although our work is focused on the labor force participation decision, a separate and interesting issue is the impact of retirement income on the marginal labor supply decision among those participating in the labor force. This is more complicated for those around retirement age, since it involves incorporating the role of the earnings test, which we avoid with our analysis of participation. This, in turn, would involve modeling expectations about the earnings test, since individuals appear not to understand that this is just a benefits delay instead of a benefits cut. This is clearly a fruitful avenue for further research.
in this analysis and ignore joint retirement issues, as handling such issues properly is beyond the scope of this study; for more evidence on women's retirement decisions and the spillover effects of incentives on spouses' retirement decisions, see Coile (2004) . As we discuss in more detail below, we treat Social Security benefit claiming as occurring simultaneously with retirement.
Our sample is selected conditional on working, so that we examine the incentives for retirement conditional on being in the labor force. 4 Work is defined in one of two ways. For those person-years before 1992, when we are using earnings histories, we define work as positive earnings in two consecutive years; if earnings are positive this year but zero the next (and if the year of zero earnings occurs at or after age 55), we consider the person to have retired this year. 5 For person-years from 1992 onward, when we have the actual survey responses, we cannot use this earnings-based definition, since we have earnings only at two-year intervals. For this era, we use information on self-reported retirement status and dates of retirement to construct retirement measures. 6 While these are somewhat different constructs, the hazard rates in the two samples by age are similar, as is illustrated in figure 1. 7 Although the hazard rate at the oldest ages becomes noisy for the pre-1992 sample, due to small sizes, the key tendencies in the data, most notably the spikes at age 62 and 65, are present and quite similar in both halves of the sample. Thus, we combine them for precision purposes. 8 It is important to note that we only consider individuals before their first retirement; if a person who is categorized as retired reenters the labor force, the later observations are not used. 9 Our core sample consists of all men in the HRS who (a) were born (and have spouses who were born) in 1922 or later, since the earlier cohort is subject to quite different Social Security benefit rules, (b) have nonmissing Social Security earnings history data for the worker and his spouse, and (c) have nonmissing information on private pension plan characteristics. 10 The final sample consists of 14,825 observations on 2,467 men. The means of our key variables are shown in table 1. On average, 7% of our sample retires each year. The typical man in our sample is 59 years old, is married and four years older than his wife, and earns $30,000 per year with average lifetime earnings of $24,000 per year. We discuss the other control variables below.
B. Incentive Variable Calculation-Accrual
Our goal is to measure the retirement incentives inherent in Social Security and private pension systems. The first step in this calculation uses a simulation model we have developed to compute the PIA for any individual at all possible future retirement dates. This process is based on a careful modeling of Social Security benefits rules and has been cross-checked against the Social Security Administrations's ANYPIA model for accuracy. The appropriate actuarial adjustment is applied to the PIA to obtain the monthly benefit entitlement.
The next step is to compute the expected net present discounted value (PDV) of SSW associated with each retirement date. Our methodology for doing so is described in Coile and Gruber (2001) . For single workers, this is simply a sum of future benefits, discounted by time preference rates and survival probabilities. For married workers it is more complicated, since we must include dependent spouse and survivor benefits (we discuss these in more detail below) and account for the joint likelihood of survival of the worker and dependent. We use a real discount rate of 6% and survival probabilities from the age-and sex-specific U.S. life tables used in the 1995 annual report of the Social Security Trustees. 11 We next compute the other Social Security incentive variables. We initially follow the literature and focus on the accrual, the change in SSW resulting from an additional year of work. There are two routes through which an additional year of work affects SSW. First, the additional year of earnings will be used in the recomputation of Social Security benefits. For workers who have not yet worked 35 years, this replaces a zero in the benefits computation; for workers who have worked 35 years, it may replace a previous low-earnings year. So the recomputation raises SSW (or leaves it unchanged). Second, at ages 62 and beyond, the additional year of work implies a delay in claiming; this raises future benefits through the actuarial adjustment, but reduces the number of years of benefit receipt, so the net effect is uncertain. Both of these factors will affect workers differently, depending on their potential earnings next year, earnings history, mortality prospects (which will vary over time and cohort in our data), family structure, and spouse's earnings. Thus, the net effect of an additional year of work on SSW is theoretically ambiguous and will vary significantly across people.
Computing the accrual and other incentive variables requires projecting the worker's potential earnings next year (or in all future years). It is difficult to estimate such a projection from observed data, since true wage growth is confounded with reductions in intensity of work. We considered a number of different projection methodologies, and found that the best predictive performance was from a 9 We think it is appropriate to focus on the first labor force exit after age 55, as this is likely to reflect retirement from a "career job" for workers who have such a job. Although examining the effect of retirement incentives on the decision to reenter the labor force after age 55 or to exit after having reentered is beyond the scope of our study, we suspect that retirement incentives play a much smaller role in these decisions, particularly in the case of pensions, since the "bridge jobs" that older workers commonly take upon reentering the workforce are unlikely to have pension benefits. We acknowledge that some of what we classify as retirement may reflect workers who are changing jobs after age 55 and spend some period of time out of the labor force, but unfortunately it is very difficult to distinguish this from actual retirement.
10 Starting with 5,886 men, 127 are lost for pre-1922 birth years, 1,981 for missing SS data (Haider and Solon, 2000 , show that instances of missing SS data are essentially random), 500 for retirement prior to age 55, and 811 for missing pension data. We consider a person to have missing pension data if they self-report pension wealth greater than zero (as calculated by Steve Venti, to whom we express our appreciation for sharing his calculations) but have no firm-provided pension data. 11 We have also tried incorporating differential mortality in our analysis. Specifically, we used relative mortality factors calculated in Brown, Liebman, and Pollet (2002) to obtain survival probabilities that vary by race/ethnicity and education as well as age, cohort, and sex. We recalculate the incentive measures using these new survival probabilities and reestimate our regressions with these incentive measures. The results of this exercise were extremely similar to the results reported in tables 3 and 4. As we discuss below, our results also were not very sensitive to the choice of discount rate. model that simply grew real earnings from the last observation by 1% per year, so we use this assumption in our simulations. 12 Since this assumption may be most realistic for movements out of full-time "career" jobs, we have considered the sensitivity of our results to redefining retirement as decreasing weekly hours of work to less than thirty, which will often indicate such a job change; our results are quite similar using this alternative definition. Our Social Security incentive variables incorporate dependent spouse and survivor benefits, since these are important components of SSW. For men with nonworking wives or wives whose benefits entitlement is less than one-half of the husband's, these benefits are based on the husband's earnings record. For men whose wives have a larger benefit entitlement on their own, these benefits are based on her record but are also included in SSW. Since a full modeling of the joint retirement decision is beyond the scope of this paper, we simply assume that the wives in this sample who are working will retire at age 62; this seems reasonable, given that the median retirement age is 62 for married women in the HRS who are working at age 50.
For the simulations below, we assume that workers claim Social Security benefits at retirement, or when they become eligible (age 62) if they retire before then. In fact, this is not necessarily true; retirement and claiming are two distinct events, and for certain values of mortality prospects and discount rates it is optimal to delay claiming until some time after retirement, due to the actuarial adjustment of benefits. Coile et al. (2002) investigate this issue in some detail, and they find that a relatively small share of those retiring before age 62 delay claiming past age 62 (about 10%), and that virtually none of those retiring at age 62 or later delay claiming. Given these findings, we choose not to jointly model delayed claiming here. Our incentive measures will therefore slightly overstate any subsidies to continued work, since part of this subsidy will come from delayed claiming that could be obtained without delaying retirement.
We also incorporate private pension incentives into our analysis. The HRS collected detailed pension determination information from employers for some of those with pensions and used this information to create a pension benefits calculator comparable to the PIA simulation model we developed for Social Security. We use the calculated pension benefits at each retirement age to create an analogous set of retirement incentive variables including pensions.
These pension data, unfortunately, have two key weaknesses. First, they are available for only about 60% of the observations who self-report positive pension wealth, and the response patterns appear to be nonrandom. Among those who report having a pension, men with missing pension data work at smaller firms and have lower retirement rates, less education, lower earnings, and shorter job tenure. To avoid incorporating significant measurement error in our incentive variables, we drop observations with missing pension data, defined as self-reporting positive pension wealth but having no employer-provided pension data. 13 Second, pension data were matched at wave 1 for the current job (or last job for those not working) and for past jobs lasting at least five years; therefore, the data may misstate incentives if individuals change jobs after wave 1 or if the provisions of the pension plan change over time. As we show below, however, our basic conclusions about the effects of Social Security on retirement are similar if estimated on the full sample. Table 2 shows the evolution of retirement wealth by age, both with and without pensions. The sample used here is all age-eligible men in the HRS (those born between 1931 and 1941) who allowed their Social Security earnings records to be attached to the survey and are working at age 55; the incentives shown are those projected for the worker at age 55, regardless of his later labor supply decisions. The median SSW rises from $93,018 at age 55 to a peak of $100,586 at age 63, then falls to $92,656 at age 69. The age pattern of accruals demonstrates how the various effects of working an additional year enter in at different ages. From ages 55 to 61, accruals are falling, because the value of the dropout year provision decreases as more zero and low earnings years have been replaced. At ages 62-64, workers may benefit from the delayed claiming effect, whereby an additional year of work increases the actuarial adjustment and raises future benefits, though they are also giving up a year of benefits by continuing to work; with a 6% real discount rate (combined with a rising mortality rate and falling value of dropout year), the actuarial adjustment is less than fair for the median worker starting at age 62. 14 Starting at age 65, the negative accruals become very large, as the delayed retirement credit is far too small to compensate for the value of lost benefits. When pension benefits are included, median retirement wealth at age 55 is substantially higher, $111,645. Relative to the accruals from Social Security only, median accruals with pensions are somewhat larger before age 62 and somewhat more negative after age 65.
Most importantly for our analysis, there is enormous heterogeneity in accruals, as is also shown in table 2. The standard deviation in Social Security accruals is substantial, 12 Some of the alternative projection methodologies we used include assuming zero real wage growth, estimating cohort average and individual age-earnings profiles, and varying the earnings base for the projections that assume constant wage growth (for example, use average earnings over the past three years instead of last year's earnings). Following the previous literature, we do not include uncertainty about future earnings in our analysis; however, this is clearly a fruitful area for future research. 13 Pension data are more likely to be missing from previous jobs than from current jobs. We acknowledge that some individuals with missing data from previous jobs may be included in our sample (if they have nonmissing data for a pension on a current job). This will affect our estimates of the effect of the PDV of retirement wealth on retirement, but not our estimates of the incentive measures that capture the change in retirement wealth with additional work.
14 Coile and Gruber (2001) , using a 3% real discount rate, find that there is a large subsidy to work at age 62.
averaging roughly $1,400 per year. At 62, for example, while the median accrual is near zero, the 10th percentile person has an accrual of Ϫ$1,132, and the 90th percentile person has an accrual of $1,275; the standard deviation at that age is $1,539. Once pensions are included, the variation is far greater. It is this sizable variation that identifies our models.
C. Incentive Variable Calculation-Forward-Looking Measures
As noted earlier, the more recent work on pension incentives and retirement has focused not on accruals, but rather on more forward-looking incentive models that incorporate the entire future path of retirement incentives. This literature highlights an important weakness of the accrual measure. For any given year, as we show in table 2, a typical worker sees a small positive accrual from additional work. But, by working, that worker is also buying an option on the additional accruals that result from work in future years. Incorporating this option dramatically changes the nature of retirement incentives. This point is emphasized for Social Security in Coile and Gruber (2001) , where we document the important differences in single year versus multi-year accruals. For a sizable minority of workers, accrual patterns are nonmonotonic, so that forward-looking measures can deliver very different incentives than one year forward accruals. Once pensions are included, the nonmonotonicities can be even greater. 15 As noted above, Stock and Wise (1990a) suggested an approach to account for these option values, by contrasting the utility of retiring today versus at the optimal point in the future. Their option value model is based on the individual's indirect utility function over work and leisure:
where R is the retirement date, d is the discount rate, p is the probability of being alive at some future date conditional on being alive today, y is income while working, B is retirement benefits, gamma is a parameter of risk aversion, k is a parameter to account for disutility of labor (k Ն 1), and T is maximum life length. In this model, additional work has three effects. First, it raises total wage earnings, increasing utility. Second, it reduces the number of years over which benefits are received, lowering utility. Third, it may raise or lower the benefit amount, depending on the shape of the benefit function, B(R). The latter two effects are weighted more heavily because of the disutility of labor, which acts as a devaluation of wage income relative to retirement income. The optimal date of retirement is therefore the date where the utility gained from the increase in earnings resulting from additional work is outweighed by the utility lost from the decrease in retirement income. The "option value" is the difference between the indirect utility from retirement at the optimal date, R*, and the indirect utility from retirement today.
We follow Stock and Wise (1990a, 1990b) in assuming values of 1.5 and 0.75 for k and g, respectively. But we 15 The age pattern of accruals in defined-benefit pension plans in our data is similar to what has been found in previous work. We find that the most common pattern for DB plan accruals is an M-shape with two sharp peaks. The median ages for the two peaks are 58 and 63.5. The increase in median DB wealth is $13,200 at the first peak and $20,200 at the second peak, which corresponds to 35% and 55% of median annual earnings, respectively. Samwick (1998) finds that for a typical DB plan, the early and normal retirement ages are 55 and 60 and the accruals are 1.8 and 0.5 times annual earnings. Differences between our calculations and previous results could reflect our use of a higher discount rate and our use of the median of many plans rather than a single plan. found that the fit of our model was much better with a more reasonable assumption for d of 0.06, relative to the very large estimate of 0.25 obtained from their model. This assumption also has the advantage that it is the interest rate which Coile et al. (2002) argue would be needed to justify the high level of early claiming we see in reality, so that it is consistent with our assumption of claiming upon retirement. Our results are not very sensitive to reasonable variations in this assumed discount rate. This approach to modeling retirement incentives has the important advantage, particularly when considering private pensions, of allowing the individual to be forward looking and consider incentives beyond the coming year. While theoretically attractive, however, implementation of the option value model runs into two important difficulties in a retirement regression context. First, the vast majority of the variation in the option value derives from the variation in wages. Indeed, in our HRS sample, a set of age dummies plus a quartic in earnings alone explains 66% of the variation in option value. This potentially poses problems for the option value measure if the goal of the empirical exercise is to measure the impact of Social Security policy changes on retirement behavior. If, for example, wages are correlated in some way with underlying tastes for retirement (for example, high-wage individuals are those motivated individuals with tastes for continued work, even conditional on wage), then variation in wages does not provide a legitimate source of identification for learning about retirement income effects.
In principle, this problem can be surmounted by structural estimation of the option value model, which will identify the difference in the impacts of wages and retirement income on retirement decisions, through the value of leisure parameter. But, in practice, this is only true if the particular utility structure is correct, for example, if the additional leisure of utility enters the model only as a multiplier on postretirement income and not in some other way.
The second limitation of the option value approach is that because of its nonlinear structure, there is no straightforward decomposition of the measure that could be used to assess whether individuals respond similarly to financial incentives from different retirement income sources. Testing for a differential response is necessary in order to evaluate the separate contributions of Social Security and private pensions to retirement decisions.
We take two approaches to addressing these potential shortcomings with the option value model. One is to include a set of flexible controls for earnings directly in the model, in order to capture the heterogeneity that may bias these estimates. This is imperfect, however, since wages enter highly nonlinearly in the option value model, and the form of heterogeneity is unknown, so that even rich wage controls may not fully capture the underlying correspondence between option value and tastes for work.
The second is to construct a measure that incorporates the insights of the option value measure, but focuses only on the variation in retirement income and not wages, and which can be decomposed easily into Social Security and pension components. We create a forward-looking measure of incentives that we call "peak value" (PV). 16 This is comparable to the accrual, but looks forward more than just one year: it calculates the difference between SSW at its maximum expected value and SSW at today's value, to measure the incentive to continued work. In this way, the peak value appropriately considers the tradeoff between retiring today and working to a period with much higher SSW, thereby capturing the option value of continued work even before Social Security entitlement ages are reached. 17, 18 If the individual is at an age that is beyond the SSW optimum, then the peak value is the difference between retirement this year and next year, which is exactly the accrual rate. Since peak value does not include wages directly (only indirectly, insofar as wages affect Social Security and pension accruals), there is much more variation from the structure of the Social Security entitlement; an earnings quartic and age dummies explain only 16% of the variation in peak value.
The trade-offs between using the option value and peak value measures parallel the trade-offs between more reducedform and structural modeling in general. On the one hand, if the option value model is "right," it is a richer specification that should more accurately reflect the incentives inherent in retirement programs. On the other hand, if the specification is wrong (for example, if the parameterization chosen is wrong, or if the findings are driven by wage heterogeneity and not retirement incentive effects), then peak value may give a better approximation to incentive effects. We therefore use both measures below and discuss their relative performance. But, in either case, one clear advantage of the peak value approach is that its linear structure allows for a 16 Since the release of an earlier version of this paper (Coile and Gruber, 2000) , several other papers have used our peak value construct, including Friedberg and Webb (2005) , who delve more deeply into the role of private pensions; Gruber and Wise (2004) , who expand this analysis to other developed countries; Panis et al. (2002) , who use the methodology to simulate changes in Social Security rules; and Gustman and Steinmeier (2002) , who develop a related concept they call "premium value."
17 With Social Security and DB pensions, retirement wealth typically peaks at some point in the worker's 60s and falls thereafter. With DC pensions, wealth may continue to accumulate indefinitely with continued work if the combined contribution and accumulation rate exceeds the discount rate. We treat 70 as the last possible retirement age, so a DC plan with continuously rising wealth will reach its peak at age 70 by construction; we note that the worker's total retirement wealth will often peak before age 70 even if the DC wealth is still rising. The choice of a discount rate will be particularly important with regards to DC plans; however, as we have previously noted, the results of our analysis are not particularly sensitive to our choice of a discount rate. For an alternative way to treat DC accruals, see Gustman and Steinmeier (2002) , whose "premium value" excludes accruals in DC plans that occur at a steady rate.
18 One potential problem with the peak value measure is that it treats a given gain in retirement wealth the same, regardless of how many years of work are required to obtain this gain. We have experimented with dividing peak value by the number of years to the peak and find that this measure is also a statistically significant determinant of retirement. straightforward decomposition into Social Security and private pension incentive effects.
D. Regression Framework
In a standard retirement model, Social Security and private pensions will play two roles in the decision whether to retire this year or to continue working. The first is through wealth effects: higher retirement wealth (RW) will induce individuals to consume more of all goods, including leisure, and to retire earlier. The second is through accrual effects: the individual's decision to continue to work is a function of the increase in retirement consumption resulting from an additional year of work, relative to the value of an additional year of leisure.
Following this discussion, we use the incentive variables described above to run regressions of the form
where R is a dummy variable equal to one if the worker retires during the year; RW is the expected PDV of retirement benefits that is available to the person if he retires that year (t); INCENT is one of the incentive measures noted above (accrual, option value, peak value); X is a vector of control variables that may importantly influence the retirement decision but do not enter directly into the calculation of RW (education, race, veteran status, born in the United States, region of residence, experience in the labor market and its square, tenure at the firm and its square, thirteen major industry dummies, seventeen major occupation dummies); AGE is a set of dummies for each age 55-69; EARN is a control for potential earnings in the next year; AIME is a control for average monthly lifetime earnings as of period t; MAR is a dummy for marital status; AGEDIFF controls for the age difference with the spouse; SPEARN and SPAIME are the spouse's next year and average lifetime earnings; and Y is a series of year dummies. Since our dependent variable is dichotomous, we estimate the model as a probit. We have also estimated these models as Cox proportional hazard models and the results were very similar; this is not surprising, given that the models all include a full set of age dummies, which pick up the same factors captured by the baseline in the hazard model. This model parallels the types of models used in the first round of research on Social Security and retirement, with two important exceptions. The first is the use of age dummies, rather than linear age. The disadvantage of using age dummies is that they will capture some of the important variation in incentive measures at key ages such as 62 and 65. But the advantage is that we do not impose the assumption that the taste for leisure changes linearly over time. Our results clearly indicate that age dummies are preferred to linear age, so we include them.
The second difference is earnings controls. Most articles in this literature did not control for earnings, and no articles controlled for both earnings around retirement and average lifetime earnings. Yet both of these variables are clearly important determinants of both Social Security incentives and retirement decisions, so excluding them from the model imparts a potential omitted variables bias. Moreover, there is no reason to suspect that heterogeneity is a purely linear function of earnings. Thus, for each of the earnings controls above, we include squared, cubed, and quartic terms as well. Moreover, it is possible that heterogeneity in retirement is also related to the relationship between current and average lifetime earnings; we therefore include as well a full set of interactions between the EARN and AIME quartics to reflect this.
IV. Results
A. Retirement Incentives and Retirement Decisions
In table 3 we report marginal effects from probit estimation of equation (2) for each of our three incentive measures, incorporating both Social Security and private pensions. 19 Peak value, accrual, and retirement wealth (RW) are expressed in units of $100,000; option value is expressed in units of 10,000. We also report the implied percentage-point impact of a one-standard-deviation increase in the variable in square brackets.
For the accrual model, we estimate a positive and significant impact of retirement wealth levels, as expected. The coefficient implies that a one-standard-deviation increase in RW increases the probability of retirement by 0.96 percentage points, or 14% of the sample average retirement rate of 6.9%; evaluated at the mean, this corresponds to an elasticity of nonparticipation with respect to benefits of 0.16. The coefficient on the accrual is right signed, but insignificant, and implies that a one-standard-deviation increase in accrual decreases the probability of retirement by 0.12 percentage points, or 2% of the sample average retirement rate; the elasticity is Ϫ0.003. This suggests that there is only a modest impact of one-year forward incentives on retirement decisions. This could reflect the fact that individuals are not at all forward-looking in their decisions. Alternatively, given nonlinearities in future accruals, it could represent the fact that individuals are not considering solely the accrual to the next year but the entire future path of incentives.
This possibility is addressed in the next two columns, which show the estimates from the peak value and option value models. For both models, we once again estimate a positive and significant coefficient on RW; the coefficient is quite similar in the peak value model and falls in the option value model. But, in both cases, we now estimate significant negative impacts of the forward-looking incentive measures for retirement decisions. We find that a one-standard-deviation increase in the peak value lowers retirement by 1.1 percentage points, or 16% of the sample average retirement rate; this corresponds to an elasticity of nonparticipation with respect to benefits of Ϫ0.07. For option value, we find the largest effects of all, with a one-standard-deviation increase in option value lowering retirement by 2.6 percentage points, or 38%.
The log likelihood values for all three models are also shown in table 3. We find that there is a substantial improvement in model fit moving from the accrual to peak value models. There is then a further improvement moving to the option value model. These findings suggest that the forward-looking models of the type advocated by Stock and Wise (1990a, 1990b) are very important for explaining retirement behavior. Individuals do appear to recognize the future path of SSW accumulation, and take this into account in making their retirement decisions. The findings also highlight the trade-off raised earlier: the option value model provides better explanatory power, but it potentially does so through exploiting individual heterogeneity in wages, and not true incentive effects.
The other variables in the regression have their expected impacts. Retirement propensity rises with age, with particularly large effects at ages 62 and 65. The set of higherorder earnings controls is statistically significant at the 10% level (slightly less so in the option value model, since that measure more directly incorporates variation in earnings), although reestimating the models with only linear age controls does not yield statistically different results. Being married and having a larger age difference with one's wife decrease the probability of retirement, though only the former is significant. More experience lowers the odds of retirement, conditional on age, but this relationship is decreasing in absolute value. There is no distinct relationship with tenure, although there is a very significant positive impact of being in the 6% of the sample with missing tenure data; this is consistent with lower labor force attachment among those in jobs of short duration. The industry and occupation dummies, not shown, do not show a particularly strong pattern, with the exception of higher retirement rates in the armed forces and the cleaning and building services occupation. There is no significant time pattern to retirement behavior, which is consistent with Quinn (1999) , who shows that the strong time series trend toward earlier retirement was arrested beginning in the mid-1980s. 20 There is no strong regional pattern, other than a significantly higher retirement rate in the western Pacific region and a lower rate in New England. 21
B. Social Security versus Pension Incentives
As highlighted earlier, a limitation of earlier work has been its inability to separate the responsiveness of retirement decisions to Social Security and private pension incentives. The one successful attempt to do so, Diamond and Hausman (1984) , suggested that retirement was actually more responsive to Social Security than to private pensions. This is a somewhat surprising result, since the accrual patterns in private pensions are generally sharper than for Social Security (Samwick, 1998) . Moreover, it might seem that workers are more well informed about the details of their private retirement plans than about Social Security. On the other hand, however, Social Security provides a real annuity that may be valued more than the nominal annuities provided by many defined-benefit pension plans. And the uniformity of the system across everyone, not just coworkers, may actually make information more readily accessible.
We assess this issue by splitting our accrual and peak value measures, along with the associated PDVs, into their Social Security and pension components. For accrual, and for PDV, this is straightforward. For peak value, it requires separately assessing the peak for each retirement income stream, and computing the difference between the PDV of each stream from the perspective of today and from the perspective of that peak. As highlighted earlier, this computation is not really feasible for our reduced-form version of option value, since by its nonlinear nature it cannot be easily decomposed.
The results of this exercise are shown in columns 1 and 5 of table 4. For the accrual regression, there are larger coefficients on both Social Security accrual and wealth than for pensions, although neither accrual coefficient is significant. For the peak value regression, there is a highly significant coefficient on peak value for both Social Security 20 We also find no significant time trend in the age dummies: interactions of age dummies with year dummies or a linear time trend are insignificant. Thus there is no evidence that the "social norms" that underlie age dummy effects are changing over time. 21 One limitation of these models is that they exclude controls for potentially important alternative determinants of retirement, such as health and wealth. The problem with these controls is that they are also likely endogenous with respect to the work decision, which is why they are excluded in our baseline specification; they are also unavailable prior to 1992. However, we have estimated models for the post-1992 period with and without these controls, and our basic results are unchanged by their inclusion; these results are available upon request. and private pensions, and the Social Security peak value (SSPV) coefficient is roughly four times as large as that for pensions. The SSW coefficient is also about five times as large as the pension wealth (PW) coefficient, but the SSW coefficient itself is not significant; this reflects the fact that SSW levels are hard to identify in models that control for lifetime earnings. 22 At the same time, it is also true that there is much more variation in pension peak value than in SSPV. Thus, when we evaluate the impact of a one-standard-deviation change in incentives in square brackets, the implied effects are almost identical for Social Security and for pensions: in each case, a one-standard-deviation increase in peak value leads to a reduction in retirement probabilities of about 1 percentage point, or 14% of baseline retirement probability. Thus, it appears that individuals are roughly equally responsive to comparable changes in Social Security and pension incentives.
One further issue with this approach is the treatment of defined-benefit (DB) versus defined-contribution (DC) plans. While DB pensions feature strong incentives to work to particular entitlement ages, and often disincentives to working beyond those ages, DC plans simply accumulate based on contribution rates and employer matches. In the construction of our incentive measures, we follow the HRS pension calculator in assuming that voluntary employee contributions occur at the same rate as in the past and that real DC balances grow at 2% annually. Appendix table A1 shows the peak age distribution for Social Security, DB pensions, and DC pensions. Both DB and DC pensions attain their peak for about 10% of the sample at each age from 62 to 66; DB plans have relatively more mass before 62, and DC plans have relatively more mass after 66, including a large mass at 70 (the last possible retirement age in the analysis). The pattern is of course quite different for Social Security, with virtually all of the mass at ages 62 through 65.
The similarity of DB and DC pension effects is reflected in columns 2 and 6 of table 4, which show a model that breaks out accrual and peak value into Social Security, DB, and DC components. Once again, the Social Security component is much larger than either of the two pension components. And, the two pension components themselves have quite similar coefficients (although there is a much larger effect of DB wealth than of DC wealth). In this case, the variation in pension wealth is not as large as when the two types of pensions are combined, so that the implied effect of a one-standard-deviation change in peak value is only about 0.6 percentage points, or 9% of baseline retirement rates, which is smaller than the implied Social Security effect.
A final issue is sample selection. As noted earlier, the set of persons with nonmissing pension information from HRS is not a random sample. Thus, in columns 4 and 8 of table 4, we show the accrual and peak value results using Social Security incentives only, excluding pension information, for the full sample. The cost of this approach is the potential omitted variables from excluding pension incentives, but the benefit is that the sample is now representative. For this full sample, our estimated coefficients are smaller than the Social Security coefficients from the other specifications and not statistically significant at traditional levels, but the pattern of results is very similar. Comparing these results to those in columns 3 and 7, which show the effect of using Social Security incentives only for the smaller sample of 14,825 observations, we can see that the smaller coefficients arise primarily from the use of a different sample rather than from the omission of pension incentives.
V. Conclusion
The Social Security program is the most important source of retirement income support for older Americans. As such, it is possible that the incentives embodied in this system for continued work or retirement at various ages are a critical determinant of retirement decisions. Understanding the influence that Social Security has on retirement decisions is particularly important now, as any of the proposed reforms to the Social Security system will change the structure of the program in a manner that has important impacts on retirement incentives.
Our paper has used the richest available current data, the Health and Retirement Study, to provide new evidence on the impact of Social Security on retirement. We have drawn on the insights of the option value approach of Stock and Wise (1990a, 1990b) but we have augmented this with a new measure, peak value, which is more strictly identified by retirement incentive changes rather than variation in wages, and which allows for a straightforward decomposition into Social Security and private pension incentive effects. We also include a much richer set of earnings controls than the previous literature, to ensure that our estimates capture legitimate effects of retirement incentives on retirement and are not biased by possible nonlinear effects of earnings on retirement.
We find that future entitlements do matter; both the peak value and option value models perform much better than an accrual only model. We find that a one-standard-deviation change in incentives has similar impacts for Social Security and private pensions. These results suggest that changes to the structure of Social Security can have important effects on retirement decisions. Indeed, in Coile and Gruber (2004) , we extend this analysis to simulate the effect of several policy changes, such as raising the early entitlement and full benefit ages, and conclude that these changes could have significant impacts on retirement decisions.
But our modeling comes quite far from "explaining" retirement decisions. There are still enormous spikes in the retirement hazard at ages 62 and 65 that are not explained by the incentive measures we include in this regression. Clearly, much more work is needed to more fully understand retirement behavior, incorporating both individual (supply-side) and employer (demand-side) decisionmaking.
